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SUMMARY 



An investigation of the effect oi changes in tho 
lengt h— b earn ratio of flying-boat hulls on resistance and 
spray was conducted in NACA tank no. 1. A family of 
three models of hulls of different length-team ratios was 
used and, in order to maintain comparable hull sizes, the 
plan-form areas of the hulls were made approximately equal 
"by keeping equal products of length and beam. 

S The tests were made by the general method for the 

fixed— trim condition as well as by the specific met nod 
for the free-to— trim condition. Photographs of the spray 
were taken during the free— to— trim tests. Resistance and 
trimming — moment data obtained from the tests were com- 
pared over a wide range of loads at best— trim and free— tc— 
trim conditions. Further comparisons were made by means 
of take-off calculations for hypothetical flying boats 
that incorporated the lines of the models. 

The spray photographs indicated that at ver y low 
speeds the height of the bow spray was reduced by increas- 
ing the length-beam ratio, but at high speeds the height 
of the spray was increased slightly by increasing the 
length— beam ratio. It was concluded from the results of 
the tests that by increasing the length-beam ratio the 
load coefficient may be increased and that, within the 
range of the tests , high length— beam ratios will give 
lower hump resistance and better take-off performance 
than low length— beam ratios. 



INTRODUCTION 



The trend in tho design of modern flying boats to 
decrease the frontal area by decreasing tho beam increases 
the beam loading and requires an increase in length— beam 



ratio L/b to maintain suitable hydrodynamic characteris- 
tics. The available information on tho effect of changes 
in the length— "beam ratio is contained in references 1, 2, 
and 3. The analysis of this information is mainly con- 
cerned with increase in length for a given beam, which 
causes the effect of increase in size of the hull to 
obscure the effect of length— beam ratio. 

The present investigation was undertaken to determine 
the effect of changing the length— beam ratio and of keep- 
ing the size of the. hull consta-.it at the same time — that 
is, tho effect of changing the proportions of tho hull 
for a given flying boat without changing the volume. The 
proportions for such a series could not be determined 
exactly without detail designs for each hull but have been 
approximated by maintaining a constant value of the prod- 
uct of lenth and beam for the models with different length- 
beam ratios. 

Three models of flying— beat hulls with a variation 
in length— beam ratio of 50 percent wore used in the inves- 
tigation. The range of length— beam ratios tested covered 
the range used on modern flying boats, Tho models wore 
tested over a wide range of loadings in order to include 
the effect of changes in load coefficient. 



DESCRIPTION CP KODELS 



Photogra-phs of tho throe models tested are shown in 
figures 1 and 2. Those models are designated NACA models 
144, 145, and 146. Typical sections are shown in figure 
3, and the offsets 'used in tho construction of the modols 
are given in tables I, II, and III, 

The parent form of tho series, ITACA model 144, was 
identical with ITACA iaodc-1 84— AF (reference 4) except for 
an increase in tho depth of stop. After the modols had 
boon constructed , this depth was increased!’ r om 0.4 inch 
to 1.0 inch for all tho models, or from 2.5 percent to 
6.28 percent of tho beam of the parent form. This in- 
crease in the depth of stop was made because teste cf dy- 
namic modols of flying boats have indicated that skipping 
and high— angle porpoising might result from the Use of the 
original depth of stop. 

When the forms of KACA models 145 and 146 w ore de- 
rived, the product of length and beam of each model was 
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made equal to that of model 144, and the corresponding 
transverse sections of the bottom surfaces were made geo- 
metrical! y similar. Other values made the same for the 
throe models were: angle of dead rise, angle of forebode 
keel, angle of afterbody keel, height of hull, and depth 
of step. 



The following equations give the relationship of the 
dimensions of the derived models to those of the parent 
model: 





= L p' b 
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(except for corrections applied 
to maintain equal angles of 
keel, equal depth of step, and 
equal over— all height) 



wher e 



any longitudinal dimension of derived model 

L- 0 longitudinal dimension of parent model corresponding 
t ° L d 

t>d_ any transverse dimension of derived model 

ti-r, transverse dimension of parent model c orr espor.ding 

h^ any vortical dimension of derived model 

h, D vertical dimension of parent model corresponding to 

IC constant (1.25 for model 145 and 1.50 for model 145) 



In order to maintain the same angles of the keel, a 
correction was applied that corresponded to the vertical 
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change resulting from moving the section longitudinally 
parallel to the straight portion of the keel. In order 
to make the depth of step equal to that of the parent 
model, the entire afterbody was moved vertically by a 
constant amount. The, bow of the derived model was brought 
to the same height as the bew of the parent model by 
arb itrar i ly raising the sections forward of station c . 

The clock was located at the same height as the deck of 
the parent model. The curved portions of the deck line 
at the bow and the stern wore made identical with the 
curved poi'tions of the dock lino of the parent model, and 
the length of the straight portion was extended by the 
full amount of the increase in length of the model. 



The following table summarizes the principal dimen- 
sions of the models: 

1TA CA I'TA CA HA CA 

model model model 

144 145 146 



Over— all length, inches 114.85 

Length to stern post, inches. . . 82.33 

Length of forebody, inches. . . . 50.10 

Length of afterbody, inches , , . 32.23 

Maximum beam, inches T5.92 

Length— beam ratio ... 5.23 

Length— beam product, square inches 1327 

Angle of dead rise, degrees , , . 20 

Angle of afterbody keel, degrees. 5.5 

Angle of forebody keel, degrees . 1.3 

Depth of step, inches ...... 1.0 

Depth of step, percent beam ... 6.28 

Center of gravity, forward of 

step, inches 7 • 2 

Center of gravity, height above 
keel line at step, inches. . . . 17 . S4 



128.41 


140.67 


93.17 


102.06 


56.02 


61.35 


37.15 


40.70 


14.24 


13.00 


6.54 


7.34 


13 27 


1327 


20 


20 


5.5 


5.5 


1.3 


1.3 


1.0 


1.0 


7.02 


7.70 


7.2 


7.2 


17 . 94 


17.94 



The models were constructed of laminated mahogany and 
were built in two sections that joined at the step. They 
were finished with pigmented varnish. 



APPAPATUS A HD METHODS 



The models were tested in HACA tank no. 1 by the use 
of the standard equipment and methods described in refer- 
ence 5, The vrater in the tank was at the 12-foot level 
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during the tests. Both the specific free— to— trim method 
and the general fixed— trim method wore used. The assumed 
center of gravity, located 7. 30 inches forward of the 
step and 17.94 inches above the keel, was taken as the 
pivot for the free— to— trim tests and as the center of 
trimming moments for the general tests. 

In the free— to— trim tests, the hydrofoil lift 
device was used to simulate the lift of a hypothetical 
wing* The lift was applied at the center of gravity, and 
the same wing was assumed for each of the models. The 
load schedule for the general tests we, s chosen to include 
all loads and speeds of interest for preliminary design, 
and a sufficient number of trims were used to determine 
the data at best trim and at zero trimming moment. Thrco 
typical loads in the range of the general schedule were 
assumed for the free— to— trim tests. 



S'iSSULTS 



The usual tares, as described in reference 5, were 
applied to the data collected from the tests. The cor- 
rected data, were plotted in dimensional form because the 
beams of the models were not eq.ua 1* This method of plot- 
ting permits a more direct comparison of the characteris- 
tics. A few of the plots were made, however, using non— 
dimensional coefficients in order to compare tho models on 
the basis of equal beam. The coefficients used are defined 
as follows: 



A \ 

- n load coefficient { --*• 

\ v-b / 



f. 



/ A 0 \ 

C A initial load coefficient ( — ' 
0 \wb / 



0 V speed coefficient 



/ 

V r~z~ ! 
\ vgo / 



where 



a load on water , pounds 
A o 



initial load on water, pounds 



G 



w specific v/eight of water , pounds per cubic f oot 
(C.3.5 lb/cu ft for 1TACA tank no. l) 

Id "beam of hull, feet 

g acceleration of gravity, foot per second per second 
(32,2 ft/sec 2 ) 

V speed, feet per second 

The data obtained in the general tosts are presented 
as curves of resistance and trimming moment plotted 
against speed at various trims and loa. ds in liguros 4 to 
9 for model 144, in figures 10 to IS- for model 145, and 
in figures 17 to 33 for modal 146. 

F or the determination of the best. trim and the resist- 
ance at best trim, the data from the original resistance 
curves wore cross-plotted against trim. From these plots, 
best trim, resistance at best trim, and trimming moment at 
best trim were determined, and each va s plotted against 
speed in figures 34 to 2G . 

For the free— to— trim tests, resistance and trim wore 
plotted atainst speed in figures 37 to 29. From the 
curves of resistance and load on tho water , the values of 
load-resistance ratio h/±L wore obtained and plotted on 
the same sheets. Get— away speed Yq, was computed for 
each initial load. Figure 30 shows the -load curves for 
tho specific tests at various initial loads for all the 
models in terms of load coefficient and speed .coeff ic ient • 



DISCUSS I OIT 



Hcs istan co Comparison of tho resistance curves from 
the fixed— trim tosts of tho throe models (figs. 4 to 23) 
shows that increasing the length— beam ratio resulted in a 
decrease in tho resistance at hump speeds and at low 
speeds and an increase in the speed at which the hump oc- 
cur redi These trends held true for all trims that v/ore 
investigated. 

♦ « 

k comparison of tho effect of different, length— 'beam 
ratios on resistance at best trim for tho throe models is 
given in figure 31. In general, the same conclusions 
drawn from comparisons of resistance at equal trims hold 
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for resistance at "best trim. At lo'y speeds, an increase 
in the value of lengt h— beam ratio reduced the resistance 
at "best trim. The hump occurred at successively higher 
speeds, going from low values to high values of length— 
"beam ratio. The maximum resistance at the hump was re- 
duced about 7 percent "by changing the length— beam ratio 
from 5.33 to 6.54, but was not changed appreciably when 
the length— bea.m ratio was increased from 6.54 to 7.84. 

At high speeds and intermediate loads (speeds above 30 
fps and loads of 40 to 30 lb, model size), the resistance 
was reduced as the length— beam ratio was increased. At 
high speeds and light loads, no significant effect result- 
ed from changing the length— beam ratio. 

Curves of trim and resistance at zero trimming mo- 
ment for each of the models at an initial load of 100 
pounds are combined for comparison in figure 33. The 
effects in the free— to— trim condition wore substantially 
the same as those found at equal fixed trims and at best 
trim. Increasing the length— beam ratio caused a reduc- 
tion in resistance at low speeds and at the hump and 
caused the hump to occur at a higher speed. 

Curves of tho variation of load— res istance ratio 
A/R with load for models 144, 145, and 146 are shown in 
figure 33(a). The data in these curves were taken directly 
from the curves of resistance (best trim and free to trim) 
of the models. Comparison of these curves shows the 
effects of changing length— beam .rat io without causing a 
significant change in the volume of the hull or the area 
of the plan form. These curves show that in both the 
best— trim and the free— to— trim conditions A/R was made 
larger by increasing the length— ooam ratio from 5.33 to 
6.54 but was not changed appreciably by a further increase 
to a length— beam ratio of 7.34. The curves of A/R at 
best trim show that, at a speed of 40 foot per second, 
increasing the length— beam ratio increased A/R at the 
heavier loads but had no significant effect at loads be- 
low 35 pounds. 

The curves in figure 33(b) were derived by convert- 
ing the data from models 144 and 146 to values for two 
hypothetical models having tho lines of models 144 and 
146 and lengths equal to tho length of model 145. Compar- 
ison of these curves shows that, within tho range included 
in the tests, increasing tho beam without changing the 
length would increase A/R at tho hump. This effect is 
present in both the free— to— trim and the best— trim condi— 
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t i or.s and at all loo. ds included in the investigation. 
Comparison of the curves representing a speed of 40 feet 
per second shows that in the high-speed condition A/R 
would "bo decreased by increasing the beam. 

Curves of variation of load-resistance ratio A/R 
with load coefficient are shown in figure 34. In- 

asmuch .as the coefficients used incorporate the beam as 
the characteristic dimension, comparisons made in terms 
of those coefficients show the same relative values as 
would be shown in comparisons of data for models of eq.ua! 
beam and different lengths. In general, this comparison 
indicates that, within the range of length— beam ratios 
investigated, increasing the length of a hull would im- 
prove A/R at the hump but would cause lower values of 
A/R at speeds near get-away* At best trim, the data 
indicate that increasing the length— beam ratio from 5.23 
to 6.54 (by lengthening the hull) would cause a relatively 
largo increase in A/R at the hump and that a further in- 
crease to a value of 7.84 would increase A/R by a lesser 
amount * In the f r ee— t o— tr im condition, an increase from 
a length— beam, ratio of 5.23 to 6.54 would increase A/R 
at the hump, but a further increase to a value of 7.84 
would make no significant change in. A/R at the hump. 

It is believed that these trends would hold true for hulls 
operating at the conditions of the test but, because of 
the dependence upon the location of the center of gravity, 
the trends indicated by the f r ee-t o-t r im data might not 
apply in other cases. 

A comparison of the curves of figure 34(a) shows that 
increasing the length of a hull similar to model 144 (with- 
out changing the beam) would result in a reduction of A/R 
at speeds near get-away. This trend appears to remain 
constant throughout the range of length— beam ratio from 
5.23 to 7.84 and, inasmuch as increasing the length of the 
forebody cannot be expected to change the wotted area when 
the hull is planing at ‘high speed, the increase in resist- 
ance may be attributed to the increased length of the 
af t erb oay . 

The effects of changing length and beam on resistance 
may be summarized as follows: Increasing beam alone or 

length alone increases A/R at the hump speed and de- 
creases A/R at high planing speeds; increasing length- 
beam ratio without changing the plan— form area increases 
A/R at the hump and causes little change in a/R at high 
planing speeds . 
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S p r ay .- Photographs of the spray formations of the 
throe models are shown in figures 35 and 36. These photo- 
graphs were taken during the specific tests in the free — 
to— trim condition. The models \<rere compared at equal 
initial loads and equal speeds; however , the load coeffi- 
cients for the models differed hy as much as 85 percent. 

At low speeds, the short models (with small length— "beam 
ratios) produced higher how spray than the long models; 
near the hump speeds and planing speeds, the spray was. a 
little higher for the models with narrow beams. (See 
figs. 85 and 35 . ) 

When the length and the beam were the only variables 
in hull dimensions, as in figures 35 and 36, there ap- 
peared to be an indication that the spray was more depend- 
ent upon the area of the planing surfaces than upon the 
beam itself. Per this reason, the load coefficient should 
not bo taken as a definite criterion for the loading of a 
hull unless the length— beam ratio also is considered. 

Take- off p or f or mance In order to compare the over- 
all resistance of t ho’ — m'o3!e Is , take-off calculations 'wore 
made for a series of lord c oof f i c ient s . Hypothetical fly- 
ing boats were assumed, with models 144, 145, and 145 used 
as the hulls. The hulls of these flying boats were as- 
sumed tc be 10.5, 11, and 12 times the size of the model 
hulls. The characteristics, which are the same for all 
the flying boats, are as follows: 



Gross load, pounds 140,000 

Wing area, square feet 3,500 

Total horsepower at take-off (four engines). . . . 3,200 

Engine speed, revolutions per minute 2,600 

Gear reduction 16;5 

Pr ope Her : 

Diameter, feet 19.3 

Humber of blades 3 

P laps : 

Type Split 

Span, percent wing span 60.0 

Chord, percent wing chord 20.0 

Aspect ratio 10 

Effective aspect ratio, including ground effect. . 20 

Paras it e— drag coefficient (excluding hull) .... 0.02 

Wing loading, pounds per square foot 40 

Power loading, pounds per horsepower 15.2 

Stalling speed, feet per second 132 

Get-away speed, feet per second 145 
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The lift p.nd drag curves of the wing, which were cor- 
rected for ground effect for use in the calculations, 
were taken from reference 6. The deflection of tne ± laps 
was taken as 30°. 

In order to make several take-off plots, a series of 
three load coefficients was used for each model for a 
given gross weight. (See figs. 37 to 39.) Tnc loa.d coi^- 
ficionts used covered the entire range of the tests. The 
.f r eo-t o— tr irn condition was used up to and slightly oeyond 
the hump tc 45 percent of get-away speed. Above this 
speed, precision trim (trim for minimum total resistance) 
was used. The method used for the calculations of take- 
off time and distance is described in reference 5. 

The trend of the curves of total resistance (resist- 
ance plus drag, B + D) followed tho trend of the resist- 
ance curves from the fixed— trim tests. -a.t high planxng 
speeds , the spray on the afterbodies caused the resist-^ 
anc© to increase with longer afteroodies. '-he effect of 
the length-beam ratio on resistance was not critical at 
the speeds near got— away. 



ter 



in every 

take-off 



P 



would give the 
not- determined 
length— bean ra 
length— bean ra 
determined by 
as aerodynamic 
cons idorat i or.s 



case the larger length— bean ratio gave bet- 
erf or nance. The lor.gth-beam ratio that 
shortest take— off time and distance was 
because it was beyond the scope of tho 
tios used in the costs. The limit of tho 
tio of a flying 'boot , however, nay not be 
resistance alone but by such other factors 
and hydrodynamic stability, structural 
and usable space inside the hull. 



COHCLUS 10x13 



As a result of this investigation, it is concluded 
that increasing tho length-beam ratio within the range 
of 5.33 to 7.84 without changing the length— beam pr oduct 
causes tho foll.owing changes in the characteristics of 
a flying— boat hull: 

1. Higher hump speod and lower hump resistance 

3. Lower bow spray at low speeds and slightly higher _ 
spray at high speeds (Vfhon the longth and beax. ai e the 
o-uly' variables spray characteristics are more dependent 
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upon the length— bean product than upon the "beam alone.) 

3. Better take-off performance 

co 4. Higher permissible load coefficients 

ua 

on 

tj 

Langley Memorial Aeronautical Lab orat or y , 

Hational Advisory Committee for Aeronautics, 
Langley Field, Va. 
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TABLE I. - OFFSETS OF MODEL 144, INCHES 



Station 


Distance 

from 

F.P. 


D 


R 


a 


b 


c 


d 


e 


f 


g 


r 


1 


0.60 




1.24 


1.33 


0.88 






0.97 


0 . 


,99 


0.92 


0. 


,73 


2 


2.85 




3.04 


3.25 


3.14 






2.36 


2. 


.43 


2.26 


1 . 


,78 


3 


5.10 




4.16 


4.45 


2.92 






3.23 


3. 


,33 


3.08 


2. 


44 


4 


9.60 




5.67 


6.04 


3.98 






4.38 


4. 


,54 


4.18 


3. 


,32 


5 


14.10 




6.63 


7.07 


4.65 






5.13 


5. 


,30 


4.90 


3. 


,88 


6 


18.60 




7.22 


7.70 


5.07 






5.59 


5. 


,78 


5.54 


4. 


,22. 


7 


23 .10 




7.61 


8.10 


5.33 






5.89 


6 . 


,09 


5.62 


4. 


,45 


8 


27.60 




7.81 


8.32 


5.47 






6.05 


6. 


25 


5.77 


4. 


,57 


9 


32.10 




7.93 


8.47 


5.56 






6.14 


6. 


,34 


5.86 


4. 


.64 


10 


36.60 




7.96 


8.58 


5.66 






6.25 


6. 


,37 


5.97 


4. 


,66 


11 


41.10 


0.02 


7.94 


8.68 


5.76 






6.35 


> 




6.07 






12 


45.60 


.09 


7.87 


8.78 


5.89 






6.45 






6.17 






13F 


50.10 


.21 


7.75 


8.88 


6.04 






6.55 






6.27 






13A 








7.88 


5.04 






5.55 


6' 


'37 


5.87 






14 


54.60 


.98 


7.58 


7.45 


4.69 


0.19 


7.52 


5.20 


6. 


,14 


4.92 






15 


59.10 


1.19 


7.37 


7.02 


4.40 


.29 


7.14 


4.91 


5. 


,76 


4.63 






16 


63.60 


1.45 


7.11 


6.58 


4.19 


.42 


6.53 


4.70 


5. 


,15 


4.42 






17 


68.10 


1.76 


6.80 


6.15 


4.08 


.58 


5.65 


4.59 


4. 


,27 


4.31 






18 


72.60 


2.11 


6.45 


5.72 


4.08 


.75 


4.49 


4.59 


3. 


,11 


4.31 




• 


19 


77.10 


2.51 


6.05 


5.28 


4.20 


.92 


2.96 


4.71 


1 . 


,58 


4.43 






20 


81.60 


2.95 


5.61 


4.85 


4.48 


1.42 


1.02 


4.85 






4.57 


> 




21 


83.33 


3.13 


5.43 


4.68 


4.68 


1.88 










4.68 


4, 


,66 


22 


86.10 


3.44 


5.12 






















23 


90.60 


3.97 


4.59 






















24 


95.10 


4.55 


4.01 






















25 


99.60 


5.17 


3.39 






















26 


104.10 


5.83 


2.73 






















27 


108.60 


6.53 


2.03 






















28 


112.80 


7.24 


1.23 






















29 


114.00 


7.47 


.87 






















30 


114.60 


7.58 


.51 






















A.P. 


114.85 


7.64 
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TABLE II. - OFFSETS OF MODEL 145, INCHES 



Sta- 

tion 


Dist- 
an ce 
from 

F.P. 


Dl 


D 2 


R 


a 


b 


c 


d 


e 


f 


6 


r 


F.P. 




0.25 


0.94 




-0.96 


-0.96 






-0.96 






-0.96 






1 


0.67 


.25 


1.18 


i.ii 


.85 


.39 






.49 


0, 


.89 


.45 


0. 


.65 


2 


3.19 


.24 


1.46 


2.72 


2.68 


1.68 






1.89 


2, 


.17 


1.80 


1, 


.59 


3 


5.70 


.23 


1.65 


3.72 


3.76 


2.38 






2.66 


2, 


.98 


2.52 


2, 


.18 


4 


10.73 


.21 


1.84 


5.07 


5.21 


3.35 
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TABLE III. - OFFSETS OF MODEL 146, INCHES 
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1 
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.46 
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0 
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.44 


2.58 
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0.08 


6.14 


3.89 


5. 
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4. 
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4.65 


5.57 


4.13 


2.44 
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4.61 
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4.94 


5.27 
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3.97 
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Figure 1.- Profile views of NACA models 144, 145, and 146. 
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Model 146 

Figure 2.- Plan-form views of NACA models 144, 145, and 146* 
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Figure 3.- Typical sections of models 144, 145, and 146, and definitions of symbols used in tables I, II, and III. 
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(1 block m 10 dirieions on 1/40" Eng. scale) 



Fig. 4 
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Speed, fpe 

Figure 4. - Resistance and trimming moment. Model 144; L/b ■ 5.23; trim « 2° 
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NACA (1 block * 10/40") Fig. 5 
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Speed, fpe 

Figure 6. - Resistance and trimming moment. Model 144; L/b * 5.23; trim * 6°. 
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(1 blook - 10/40") 



Fig. 11 




Speed, fps 

Figure 11. - Resistance and trimming moment. Model 145; L/b « 6.45; trim « 2° 
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Figs .15,16,17 
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jure 15.- Resistance and trim- Fig . 16 . -Resistance and Figure 17.- Resistance and trimming 
ming moment. trimming moment. moment, 

lei 145; L/b « 6.54; trim « 10°. Model 145: L/b « 6.54; Model 146; L/b «= 7.84; trim - 1°. 

trim * 12^. 
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(1 block * 10/40* ) 



Fig. 18 
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NACA (1 block * 10/40") Fig. 20 
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Figure 24.- Variation of best trim, resistance at best trim, and trimming 
moment at best trim with speed. Model 144; L/b = 5.23. 
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Fig. 27 
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Figure 27.- Specific f ree-to-trim tests. Model 144; L/b * 5.23. 
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Figure 29.- Specific f ree-to-trim teste. Model 146; L/b * 7.84. 
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Figs . 30,31 




Figure 30,- Variation of load coefficient with speed coefficient for 
free-to-trim tests of models 144, 145, and 146. 

(1 block * 10/ 40* ) 




Figure 31.- Effect of length-beam ratio on resistance at best trim 



Trim, deg Resistance, lb Load, lb 
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Fig. 32 




Figure 32.- Effect of length-beam ratio on trim and resistance in free-to-trim condition 
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NACA 



Fig. 33 




(a) Effect of varying length-beam ratio with constant length-beam product. 




(b) Effect of change in beam. 



Figure 33.- Variation of load-resistance ratio with load for different length-beam ratios 
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Fig. 34 




0 .2 .4 6 *8 1.0 1.2 1.4 1.6 1.8 

boaa coefficient, 

(a) Variation at speeds above hump speed, best trim. 




(b) Variation at hump speeds, best trim and free to 
Figure 34.- Variation of load-resistance ratio with load coefficient. 
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Fig. 35a. b.c 





(a) Model 144. Speed. 6.4 feet per second; 
trim, 2.5°; Ca 0 , 0.6/. 




(b) Model 145. Speed. 6.2 feet per second; 
trim, 2. 56; C Aq , 0.94. 




LWAL 

(c) Model 146. Speed. 6.0 feet per second; 34107 
trim, 2.4°; Ca 0 , 1.24. 



Figure 35.- Spray photographs, free to trim. A 0 = 100 pounds. 
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Fig. 35a. e.f 




(d) Model 144. 

trim 



f P 5?7*; 1 C^/o?^ er second; 




(e) 



Model 145. Speed 
trim, 5.2*; 



l( Z-5 f R e k P er second; 




(f) Model 146. Speed 
trim, 4.6*; 



feet per second; 
CA 0 , 1.24. 
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Figure 35.- Continued. A 0 = 100 pounds. 
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Fig. 35g.h.i 





(g) Model 144. Speed. 15. 0 feet per second; 
trim, 9.4*; Ca 0 , O. 67 . 





(h) Model 145. Speed 15.2 feet per second; 
trim, 6.6d; C Aq , 0.94. 




(i) Model 146. Speed. 15.0 feet per second; 
trim, 5.5 6 ; C Ac , 1.24. 

Figure 35.* Continued. A 0 = 100 pounds. 
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NACA Fig. 35j.k.l 




(j) Model 144. Speed. 19.9 feet per second; 
trim, 9.0*; Ca 0 , 0.67. 




(k) Model 145. Speed, 20.5 feet per second; 
trim, 5.4*; Ca 0 , 0.94. 




LMAL 

(1) Model 1M6. Speed. 20.4 feet_per second: 34110 

trim, IO.60; CA 0 , 1.24. 



Figure 35.- Continued. A q = 100 pounds. 
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Fig. 35m. n.o 






(n) Model l 1 - 1 -^. Speed 30*7 feet per second: 
trim,'3.2&;'Ca', O.gM. 




LMAL 

(c) Model 146. Speed. J>1.0 feet per second: 34IM 

trim, 3.^6; C Ao , 1.34. 



Figure 35.- Concluded. A 0 = 100 pounds. 
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Fig. 36a. b.c 




(a) Model 144. Speed 6.5 feet per second: 
trim, 2 . 36 ; C Ao , 0.81. 





(b) Model 145. Speed. 6.2 feet per second: 
trim, 2.4*; C V 1.15. 




LMAL 

(c) Model 146. Speed, 6.0 feet per second: 
trim, 2.40; C Aq , I.l+9. 



Figure 36 .- Spray photographs, free to trim. A 0 =120 pounds 
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Fig. 36d.e.f 




(d) Model 144. Speed, 10.3 feet per second: 
trim, 5.6 °; Ca 0 , 0 .S1. 





(f; Model 146. Speed. 10.2 feet per second: 34,13 
trim, 4.56 ; c Ao , 1.49: 



Figure 36.- Continued. A 0 = 120 pounds. 
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(g) Model 144. Speed, 
trim, 8.7° 



i 



Fig. 36g.h.i 




15.0 feet per second; 
* ^A 0* 0*S1. 




(h) Model 145. Speed 15.7 feet per second; 
trim, 6.7°; C Aq , 1.13. 




LMAL 

(1) Model 146. Speed. 15.0 feet per second- 34114 
trim, 5.56; C Aq , i.M9 y 



Figure 36.- Continued. A 0 = 120 pounds. 
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Fig. 36 j . k . 1 




(k) Model 145. Speed, 20. u feet per second: 
trim, 10. 50 ; Ca 0 , I. 13. 






foaonnni 




(1) Model 146. Speed. 20.4 feet per second; 
trim, 9.S 6 ; Ca 0 , 1.496 



LMAL 

34(15 



Figure 36.- Continued. A 0 = 120 pounds. 








Fig. 36m. n.o 




(m) Model 144. Speed 30.4 feet per second: 
trim, 4.10; Ca 0 , 0.81. 




(n) Model 145. Speed 30.6 feet per second; 
trim, 4.4*; Ca 0 , 1.13. 




» LMAL 

( 0 ) Model 146. Speed 30.*8 feet per second: 34116 
trim, 5.0*; C Aq , 1.49. 



Figure 36.- Concluded. A 0 = 120 pounds. 







Total resistance and thrust, lb 



L - 358 




(1 block *: 10/40*) Figure 37.- Take-off characteristics of three 140,000-pound flying boats with hull 

lines of models 144, 145, and 146, assuming hulls 10.5 times size of models. 
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(1 block « 10/40") Figure 38.- Take-off characteristics of three 140,000-pound flying boats with hull 

lines of models 144, 145, and 146, assuming hulls 11 times size of models. 
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(1 block - 10/40") 



Plg lln«« 9 oi : ° f three » 000-pound, flying boats .1th hull 

lines of models 144, 145, and 146, assuming hulls 12 times size of models. 
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